The three types of calcium channel blocker (CCB), L-, T-and N-type, possess heterogeneous actions on endothelial function and renal microvascular function. In the present study, we evaluated the effects of two CCBs, efonidipine and amlodipine, on renal function and arterial stiffness. Methods: Forty type 2 diabetic patients with hypertension and nephropathy receiving angiotensin receptor blockers were enrolled and randomly divided into two groups: the efonidipine group was administered efonidipine hydrochloride ethanolate 40 mg/day and the amlodipine group was administered amlodipine besilate 5 mg/day for 12 months. Arterial stiffness was evaluated by the cardioankle vascular index (CAVI). Results: Changes in blood pressure during the study were almost the same in the two groups. Significant increases in serum creatinine and urinary albumin and a significant decrease in the estimated glomerular filtration rate were observed in the amlodipine group, but not in the efonidipine group. On the other hand, significant decreases in plasma aldosterone, urinary 8-hydroxy-2'-deoxyguanosine and CAVI were observed after 12 months in the efonidipine group, but not in the amlodipine group. Conclusions: These results suggest that efonidipine, which is both a T-type and L-type calcium channel blocker, has more favorable effects on renal function, oxidative stress and arterial stiffness than amlodipine, an L-type calcium channel blocker. 
Introduction
In diabetic patients, hypertension is a frequent complication and accelerates cardiovascular diseases. The main purpose of blood pressure-lowering therapy in diabetic patients is to protect against the progression of nephropathy and atherosclerosis. In diabetes has been reported to improve vascular endothelial dysfunction and to have a renoprotective effect 1, 2) . A novel arterial stiffness parameter termed the cardio-ankle vascular index (CAVI) has been developed recently, and essentially reflects the stiffness of the aorta, femoral artery and tibial artery 7) . CAVI is independent of blood pressure, and has adequate reproducibility for clinical use 7) . Furthermore, no special technique is required for the measurement of CAVI. Several reports have demonstrated the usefulness of CAVI for the detection of atherosclerotic diseases [7] [8] [9] [10] .
In the present study, we evaluated the effect of two CCBs, efonidipine (a T-type and L-type CCB) and amlodipine (an L-type CCB), on renal function and CAVI in type 2 diabetic patients with nephropathy and hypertension.
Subjects and Methods

Subjects
A randomized, open study was performed. Randomization was performed with sequentially numbered, sealed envelopes using a previously determined code for the administration of either efonidipine or amlodipine. Forty type 2 diabetic patients with nephropathy and hypertension, who attended Sakura Medical Center of Toho University as outpatients and had been receiving ARB therapy with candesartan, were enrolled. They had high systolic blood pressure ( 130 mmHg) and/or high diastolic blood pressure ( 80 mmHg) when measurement was performed on two different days within 4 weeks before the start of the study. Patients were excluded if they had previous cardiovascular and cerebrovascular diseases and showed high glycosylated hemoglobin (HbA1c 7.5%). The enrolled subjects were randomly divided into two groups. One group was administered efonidipine 40 mg/day for 12 months (efonidipine group, n 20), and the other group was administered amlodipine 5 mg/day for 12 months (amlodipine group, n 20). During this study, all patients maintained the same dietary and exercise therapies, and did not change medications. All subjects received nutrition education from a dietitian once every 3 months. The clinical profile of the subjects is shown in Table 1 . This study was approved by the Ethics Committee of Toho University. The purpose, nature and potential risks of this study were explained to all patients, and their voluntary written consent for participation in the study and also for release of the study data was obtained before they were enrolled.
Measurement of Blood Pressure
Blood pressure (BP) was measured at least twice in a sitting position in the morning after 12 hours of fasting with only candesartan and efonidipine or amlodipine at 7:30 AM.
Assay of HbA1c and Serum Lipids
Blood samples were collected in a sitting position in the morning after 12 hours of fasting. Serum was separated within 1 hour, and samples were used to measure the following chemical parameters. Stable and unstable glycosylated hemoglobin (HbA1c) fractions were measured by high pressure liquid chromatography using the Hi-Auto A1c kit (Kyoto Daiichi Kagaku, Kyoto, Japan). Data of the stable type were used in the present analysis. Total cholesterol (TC), triglyceride (TG) and low-density lipoprotein cholesterol (LDL-C) .
Measurement of Kidney Function
In this study, kidney function was assessed using serum creatinine (Cr), urinary albumin (u-albumin) and the estimated glomerular filtration rate (eGFR). Serum creatinine was assayed enzymatically (Iatro LQ CRE; Mitsubishi Kagaku Iatron). GFR was estimated using a modified MDRD equation, as recently proposed by the Working Group of Japan Chronic Kidney Disease Initiative Urinary albumin was measured using the latex agglutination method and adjusted for urinary creatinine (mg per g Cr). Microalbuminuria was defined as ≥ 30 mg/g creatinine 13) .
Plasma Aldosterone and Urinary 8-OHdG Analysis
Plasma aldosterone levels (ALD) were measured using a commercial radioimmunoassay kit (SPAC-S aldosterone kit; TFB Company, Tokyo, Japan).
Urine samples were centrifuged at 800 g for 10 min and the supernatants were used to determine 8-hydroxy-2'-deoxyguanosine (8-OHdG) by a competitive enzyme-linked immunosorbent assay (8-Hydroxydeoxyguanosine Check; Japan Institute for the Control of Aging, Shizuoka, Japan). The monoclonal antibody has been characterized and found to be specific for 8-OHdG 14) . The results were adjusted for creatinine content (ng per mg Cr) measured in the same urine sample.
Measurement of CAVI
CAVI was measured in the morning, after 12 hours of fasting and taking only efonidipine or amlodipine, using a VaSera CAVI instrument (Fukuda Denshi Co. Ltd., Tokyo) by the methods described previously 7) . Briefly, cuffs were applied to bilateral upper arms and ankles, with the subject supine and the head held in the midline position. After resting for 10 minutes, the examinations were performed. To detect brachial and ankle pulse waves with cuffs, a low cuff pressure of 30 to 50 mmHg was used to ensure minimal effect of cuff pressure on hemodynamics. Blood pressure was measured thereafter. CAVI was calculated by the following formula:
where Ps is systolic blood pressure, Pd is diastolic blood pressure, PWV is pulse wave velocity, P is Ps Pd, is blood density, and a and b are constants.
Scale conversion was performed to compare CAVI with PWV (Hasegawa's method). The VaSera was equipped with both measurement and calculation systems, and automatically calculated the CAVI. The average coefficient of variation of CAVI is less than 5%, which is sufficiently small for clinical usage and indicates that CAVI has good reproducibility 7)
. 
Statistical Analysis
Groups were compared using Student's t -test or the paired t -test. In all comparisons, values of p less than 0.05 were considered significant.
Results
Changes in BP, BMI, HbA1c and Serum Lipid Levels in Efonidipine and Amlodipine Groups
The changes of BP during this study are shown in Fig. 1 . In both groups, BP decreased significantly from 3 months of CCB administration, and significant decreases compared to baseline were observed from 3 months through 12 months of treatment; however, no significant differences in changes of BP were observed between groups. During this study, no significant changes in pulse rate were observed in both groups (data not shown). Furthermore, no significant changes in BMI, HbA1c, TC, TG, HDL-C and LDL-C were observed during this study (data not shown).
Effects of Efonidipine or Amlodipine Administration on Renal Functions
Changes in serum Cr and u-albumin are shown in Fig. 2 . Significant increases in serum Cr (from 6 to 12 months) and u-albumin (at 9 and 12 months) were observed in the amlodipine group, but no significant changes were observed in the efonidipine group during the entire study period. A significant decrease in eGFR was found in the amlodipine group at 12 months, but no significant change was observed in the efonidipine group (Fig. 3) .
ALD and 8-OHdG Levels Before and After Administration of Efonidipine or Amlodipine
The levels of plasma ALD and urinary 8-OHdG Fig. 4 . In the efonidipine group, significant decreases in plasma ALD were observed from 9 to 12 months of treatment while significant decreases of urinary 8-OHdG were observed from 3 through 12 months of treatment; however, no significant changes in ALD and 8-OHdG were observed in the amlodipine group during the entire study period.
Changes of CAVI in Efonidipine or Amlodipine Group
The changes of CAVI are shown in Fig. 5 . In the efonidipine group, a significant decrease in CAVI was observed after 12 months of treatment; however, no significant change in CAVI was observed in the amlodipine group.
Discussion
In the present study, serum Cr and u-albumin increase significantly and eGFR decreased significantly during treatment in the amlodipine group, while these parameters remained unchanged in the efonidipine group. Furthermore, significant decreases of plasma ALD, urinary 8-OHdG and CAVI were observed in the efonidipine group, but not in the amlodipine group. These results suggest that efonidipine has more favorable effects on preserving renal function, reducing oxidative stress and decreasing arterial stiffness compared to amlodipine. In this study, age and the male/female ratio were not significantly different between groups; therefore, the results were considered not to be influenced by these factors.
Several studies indicate that T-type CCBs is superior to L-type CCBs in terms of the protective effect of renal function 2, 15, 16) . The mechanism of this effect is generally considered to be due to the aldosteronedecreasing effect by T-type CCBs 2, 17) . ALD is synthesized in zona glomerulosa of the adrenal gland, and secreted mainly by calcium influx through the T-type 18, 19) . In an in vitro study, efonidipine has been shown to inhibit aldosterone synthesis in cultured adrenocortical cells via T-type CCBs 20) . It has also been observed that the administration of efonidipine lowers plasma aldosterone in healthy subjects and hypertensive subjects 21, 22) . The ALD-decreasing potential of efonidipine is reported to result in a renoprotection effect 2) . In the present study, ALD also decreased significantly in the efonidipine group; therefore, we consider that the ALD-decreasing potential of efonidipine may contribute to the reno-protection effect observed in this study. However, we also consider that the decrease of oxidative stress by efonidipine could contribute to the protection of renal function, because oxidative stress has been associated with nephropathy and other diabetic complications [23] [24] [25] . In this study, significant decreases of urinary 8-OHdG were observed in the efonidipine group, but not in the amlodipine group. This effect of efonidipine has been already reported by Oshima T. et al. . Compound 8-OHdG is one of the most common markers used to evaluate oxidative DNA damage, and it is a product formed by specific attack of a hydroxyl radical on DNA 26) . Furthermore, several studies have demonstrated the free radical scavenging activity of CCBs in vitro [27] [28] [29] . So, we consider that efonidipine might have an improving effect on oxidative stress. This effect of efonidipine might be accounted for by a reno-protection effect. Further studies are required to clarify whether the ALD-decreasing effect and oxidative stress-reducing effect are independent or related.
Arterial stiffness is known to be associated with renal insufficiency [30] [31] [32] . Mourad et al. 31) reported a negative association between creatinine clearance and carotid-femoral PWV in patients with mild renal insufficiency. Recently, Wang et al. 32) showed a stepwise increase in aortic PWV corresponding to an increase in the severity of CKD from stage 1 to 5 classified according to the KDOQI guidelines 33) . These previous studies evaluated arterial stiffness using PWV, but PWV essentially depends on blood pressure 34) . In the present study, CAVI was used to evaluate arterial stiffness and CAVI is independent of blood pressure 34) ; therefore, we consider that arterial stiffness was evaluated more accurately in this study than in previous reports.
There are several reports about the mechanism of the association between arterial stiffness and renal insufficiency 30, 35) . Among them, oxidative stress and endothelial dysfunction are important mechanisms that link renal insufficiency and arterial stiffness 36, 37) . Increased 8-OHdG has been suggested to contribute to atherogenetic processes by inducing endothelial dysfunction 38, 39) . Endothelial dysfunction is associated with the accumulation of cardiovascular risk factors 40) and involves both large and small arteries, promoting progression of renal disease and contributing to acceleration of atherogenesis 41) . Thus, progression of renal dysfunction may in turn induce vascular injury in large and small arteries and contribute to increased arterial stiffness.
Past study has already suggested that efonidipine could be superior to L-type CCB in improving oxidative stress and endothelial function, and that the improvement of vascular endothelial dysfunction may be due to a reduction of oxidative stress 1) . In the present clinical study, we demonstrated that efonidipine was superior to amlodipine in reducing 8-OHdG and CAVI and in maintaining renal function in diabetic patients with hypertension and nephropathy. We speculate that the oxidative stress-reducing potential of efonidipine probably accounts for its favorable effects on renal function and arterial stiffness. The inhibition of T-type calcium channel by efonidipine and not by amlodipine may explain the differential effect of the two CCBs on oxidative stress. T-type calcium channels have been identified in the vasculature [42] [43] [44] ; however, the physiological roles and the action mechanisms of these channels in the vasculature have not yet been clarified. Therefore, it remains difficult to speculate about the precise mechanism by which efonidipine improves the state of oxidative stress.
HMG-CoA reductase inhibitors (statins) are also known to improve endothelial dysfunction and arterial stiffness 45, 46) . Furthermore, several reports indicate that statins improve oxidative stress 47, 48) . So, statins might expect to improve CAVI although there are still no reports about the effects of statins on CAVI. We report that pitavastatin may be effective to improve CAVI in patients with enhanced oxidative stress (J Atheroscler Thromb, in press). In the present study, the statin administration ratio was not significantly different between two groups; therefore, the results were considered not to be influenced by statins.
There are several limitations of this study, the most important of which was the study protocol. This study was designed for only 12 months and with a small subject pool. To clarify the different effects between efonidipine and amlodipine, a large trial over a long period is needed in the future. In addition, we evaluated oxidative stress using only 8-OHdG. This marker is not always consistent with oxidative stress in the whole body and sometimes varies widely. To evaluate the oxidative stress-reducing potential of efonidipine, other markers, such as NADPH oxidase, free radicals and superoxide dismutase, should be used.
In summary, a T-and L-type calcium channel blocker, but not an L-type calcium channel blocker, protected renal function and improved arterial stiffness in diabetic patients with hypertension and nephropathy, probably through reducing oxidative stress. This finding is expected to be useful in the selection of CCBs when the hypotensive effect of an ARB is insufficient in diabetic patients with hypertension and nephropathy.
